H
OSPITAL READMISSIONS ARE common [1] [2] [3] [4] and can be a marker of poor health care quality and efficiency. [5] [6] [7] [8] [9] To lower readmission rates, the Centers for Medicare & Medicaid Services (CMS) began publicly reporting 30-day riskstandardized readmission rates for heart failure (HF), acute myocardial infarction (MI), and pneumonia after these measures were endorsed by the National Quality Forum.
10-13 These measures are part of a federal strategy to provide incentives to improve quality of care by reducing preventable readmissions.
timing associated with these events. Using 2003 Using -2004 Medicare data, Jencks and colleagues 15 identified the most frequent diagnoses accounting for readmission within 30 days after hospitalization for 10 common conditions. Yet unanswered questions remain that may be pertinent when planning targeted interventions and benchmarking performance. For example, within the 30-day period after hospitalization, do certain periods have higher numbers of readmissions and therefore merit even greater attention to readmission risk? Do the diagnoses responsible for readmission change to a significant degree over the month following discharge, indicating a need to tailor interventions to the time after hospitalization? Do the diagnoses and timing of 30-day readmissions substantively vary by patient age, sex, or race, thereby suggesting that interventions be guided by patient demographic characteristics? Insights into the diversity and variation of readmission diagnoses can illustrate the potential benefits of general vs disease-specific interventions in reducing the overall number of readmissions.
We therefore studied Medicare beneficiaries who were readmitted within 30 days after hospitalization for HF, acute MI, or pneumonia from 2007 through 2009 to describe readmission diagnoses and timing for each condition. These 3 conditions are primarily responsible for almost 15% of hospitalizations in older persons 16 and are the focus of current public reporting efforts. 14 
METHODS

Study Sample
We used Medicare Standard Analytic and Denominator files to identify hospitalizations to acute care hospitals from 2007 through 2009 with a principal discharge diagnosis of HF, acute MI, or pneumonia. Cohorts were defined with International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes identical to those used in the CMS publicly reported readmission measures (eTable 1 available at http://www.jama.com). [11] [12] [13] We included hospitalizations among patients 65 years or older with a complete claims history for 1 year preceding admission. Reasons for exclusion included in-hospital death, less than 30 days' enrollment in Medicare fee-forservice after hospital discharge, transfer to another acute care facility, and discharge against medical advice.
We then used definitions consistent with the CMS measures to identify all readmissions due to any cause occurring within 30 days of hospitalization. [11] [12] [13] As with the CMS measures, only the first rehospitalization within 30 days of discharge was considered a 30-day readmission. Additional rehospitalizations within this 30-day period were not counted as 30-day readmissions or index hospitalizations for the same condition. Subsequent hospitalizations occurring after 30 days from discharge were counted as index admissions if they met inclusion criteria. All study analyses were performed on the whole population of readmitted patients.
Sample Classification
We categorized readmission diagnoses using a modified version of the CMS Condition Categories (CCs). 17 Each of the 189 CC groups is structured around a reasonably well-specified disease or medical condition. 17 However, because nearly 90% of the 189 CC groups each accounted for less than 1% of all readmissions, we consolidated related diagnoses into a shorter list of 30 modified CCs to make data presentation more clinically meaningful. Based on our opinion, these 30 modified CCs were designed to be clinically internally consistent and capture the most common readmission diagnoses after discharge from HF, acute MI, and pneumonia hospitalizations. The specific diagnoses comprising each modified CC are presented in eTable 2. Cardiopulmonary diagnoses were described with relatively greater granularity given their expected importance following index hospitalization for HF, acute MI, or pneumonia.
Outcomes
Readmission Diagnoses. We identified the percentage of observed 30-day readmissions due to the 30 most common reasons for readmission by modified CC for the HF, acute MI, and pneumonia cohorts. We noted the percentage of observed 30-day readmissions due to cardiovascular diagnoses after hospitalizations for HF and acute MI, and pulmonary diagnoses following hospitalizations for pneumonia (modified CC groups comprising cardiovascular and pulmonary diseases are listed in eTables 3 and 4).
Readmission Timing. We identified the percentage of 30-day readmissions occurring on each day (0-30) after discharge.
Readmission Diagnoses by Time After Discharge. We identified the 10 most common readmission diagnoses by modified CC during cumulative periods after discharge (days 0-3, 0-7, 0-15, and 0-30) that may occur before outpatient follow-up and therefore be of particular importance to discharging hospitals. We also examined the 10 most common readmission diagnoses by modified CC in consecutive periods after discharge (days 0-3, 4-7, 8-15, and [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] ) that could coincide with outpatient visits and therefore be of particular value to ambulatory care providers. We intentionally constructed shorter intervals during days 0-15 compared with days 16-30 after discharge to provide greater granularity of information for hospitals and clinicians engaging in early outpatient follow-up. Lastly, we investigated whether the median time to readmission differed for the 5 most common readmission diagnoses.
Patient Demographic Characteristics and Readmission. We examined whether patient age, sex, and race were associated with readmission timing and the pattern of readmission diagnoses.
Statistical Analyses
Readmission Diagnoses and Timing. We calculated summary statistics for readmission diagnoses by modified CC, readmission timing by day (0-30) af-HEART FAILURE, ACUTE MI, AND PNEUMONIA READMISSIONS ter discharge, and readmission diagnoses by days 0-3, 0-7, 0-15, 0-30, 4-7, 8-15, and 16-30 after discharge. We then estimated Kaplan-Meier survival curves for the 10 most common readmission diagnoses as categorized by modified CC for each condition. The outcome was readmission. Survival time was the number of days from discharge to readmission. Data were censored at the time of death or at 30 days, whichever occurred first. We also calculated the median time to readmission for all patients in the HF, acute MI, and pneumonia cohorts as well as for those readmitted with the 5 most common readmission diagnoses for each condition.
Patient Demographic Characteristics and Readmission Diagnoses. To examine the association of patient demographic characteristics with readmission diagnoses and timing among 30-day readmissions, we first fit extended logistic regression models for the top 5 readmission diagnoses for each condition. We used a generalized estimating equation approach because of the clustering of hospitalizations within hospitals. Patient characteristics included age (65-74, 75-84, and Ն85 years), sex, and race (white, black, other). Further subdivision of race categories using CMS data are unreliable. 18 We adjusted for the comorbidities used by CMS in its calculations of hospital risk-standardized readmission rates for HF, acute MI, and pneumonia. [11] [12] [13] We then illustrated the association of patient demographic characteristics with the marginal number of rehospitalizations due to common readmission diagnoses through use of a least squares means method. 19 We first calculated the predicted population probability of readmission due to these common diagnoses by applying the estimates (␤ coefficients) from the logistic models to hypothetical readmission cohorts with balanced patient characteristics. For ease of data presentation, we assumed cohort sizes of 100 readmissions. To isolate the association of each patient demographic characteristic with the marginal number of rehospitalizations due to common readmission diagnoses, we assumed that the marginal prevalence of the remaining demographic characteristics in each cohort was equal to the marginal prevalence of these patient characteristics in the overall HF, acute MI, and pneumonia readmission populations. We then calculated the predicted number of patients readmitted for common diagnoses by multiplying the predicted population probability by 100, the total number of readmissions in each hypothetical cohort. For example, to identify the association of sex with the number of readmissions for recurrent HF, we compared the predicted number of readmissions due to recurrent HF among 100 readmitted women compared with 100 readmitted men. These 2 groups had a marginal prevalence of age, race, and comorbidities that was identical to that of the overall HF readmission population.
Patient Demographic Characteristics and Readmission Timing. We fit extended Cox proportional hazards models to determine the association of patient characteristics with readmission timing by estimating comorbidityadjusted hazard ratios for each patient characteristic. We used a generalized estimating equation approach. We confirmed the proportional hazards assumption by log-log plotting and based survival time on the number of days from discharge to readmission. Data were censored at the time of death or at 30 days, whichever occurred first.
All significance levels for logistic and Cox proportional hazards models were 2-sided with a P value Ͻ.05. Analyses were primarily conducted by A.F.H. and Z.L. using SAS 9.2 (SAS Institute Inc). We obtained institutional review board approval, including waiver of the requirement for participant informed consent, through the Yale University Human Investigation Committee. The mean (SD) patient age of each readmission cohort was 80.3 years (7.9 years) for HF, 79.8 years (8.0 years) for acute MI, and 80.0 years (8.0 years) for pneumonia. Common comorbidities among readmissions are listed in eTable 5 (available at http://www.jama.com).
RESULTS
We identified
Readmission Diagnoses
Ranked reasons for readmission for all 30 modified CCs are presented in eTable 6. Following hospitalization for HF and acute MI, readmission was most often due to HF (35.2% and 19.3% of readmissions, respectively). Following hospitalization for pneumonia, readmission was most likely for recurrent pneumonia (22.4%). The percentage of readmissions due to cardiovascular disease was 52.8% for the HF and 53.4% for the acute MI cohorts. The percentage of readmissions due to respiratory disease was 38.5% for the pneumonia cohort. Of all 30-day readmissions, the 5 most common readmission diagnoses comprised 55.9% of the HF, 44.3% of the acute MI, and 49.6% of the pneumonia readmission cohorts.
Readmission Timing
Of all 30-day readmissions, we found that 61.0% of the HF, 67.6% of the acute MI, and 62.6% of the pneumonia cohorts occurred during days 0 through 15 following discharge (FIGURE 1). More than 30% of 30-day readmissions occurred during days 16 through 30 for all 3 cohorts.
Readmission Diagnoses by Time After Discharge
The overall pattern of readmission diagnoses was largely similar in both cumulative and consecutive periods after discharge (FIGURE 2 and FIGURE 3) . However, we did note that the percentage of readmissions due to recurrent HF and recurrent pneumonia changed slightly with time. For example, the percentage of readmissions due to recurrent HF was 31% during days 0 through 3; 33% during days 0 through 7; 34% during days 0 through 15; and 35% during days 0 through 30 after discharge. The percentage of readmissions due to recurrent pneumonia was 27% during days 0 through 3; 23% during days 4 through 7; 21% during days 8 through 15; and 21% during days 16 through 30 following hospitalization.
Median times to readmission were 12 days for patients initially hospitalized with HF, 10 days for patients initially hospitalized with acute MI, and 12 days for patients initially hospitalized with pneumonia (eTable 7). Median times to readmission for the 5 most common readmission diagnoses ranged from 11 to 13 days for the HF, 9 to 11 days for the acute MI, and 11 to 14 days for the pneumonia cohorts.
Patient Demographic Characteristics and Readmission Diagnoses
Even when patient age, sex, or race was associated with the comorbidityadjusted odds of readmission for a particular diagnosis, neither the predicted number of readmissions due to this diagnosis nor the overall spectrum of readmission diagnoses differed to a clinically significant degree. For example, among readmissions following the index hospitalization for HF, Percentage of all readmissions, 62.6
The denominators used to calculate the percentage of 30-day readmissions on each day after hospitalization were 329 308 30-day readmissions following heart failure hospitalization, 108 992 30-day readmissions following acute myocardial infarction hospitalization, and 214 239 30-day readmissions following pneumonia hospitalization.
increasing patient age was associated with higher adjusted odds of readmission for pneumonia (adjusted odds ratios, 1.21 and 1.59 with increasing age group) (eTable 8). However, increasing age was associated with only 2.1 more predicted pneumonia readmissions among 100 rehospitalizations in patients aged 85 years or older compared with those aged 65 through 74 years (from 3.6 to 5.7 readmissions) (TABLE 1). The greatest change in predicted readmission number due to variation in any demographic characteristic was 5.6 additional predicted readmissions for HF among 100 rehospitalizations following the index acute MI hospitalization for patients aged 65 through 74 years compared with those aged 85 years and older (from 16.3 readmissions to 21.9 readmissions). The association of patient age, sex, and race with the overall spectrum of readmission diagnoses was always small, even when corresponding odds ratios appeared prominent, because the great majority of readmission diagnoses constituted only a small proportion of all 30-day readmissions.
Patient Demographic Characteristics and Readmission Timing
Comorbidity-adjusted hazard ratios did not appear to differs by patient age, sex, or race to a clinically significant degree (TABLE 2) .
COMMENT
Medicare fee-for-service beneficiaries are readmitted within 30 days after hospitalization for HF, acute MI, or pneumonia with a diverse spectrum of diagnoses that usually differs from the cause of the index hospitalization. We have extended prior literature by revealing that the overall pattern of diagnoses responsible for readmission did not substantively differ by patient demographic characteristics or time after discharge. We have also shown that although a disproportionately high number of readmissions occurred soon after hospitalization, readmissions remained frequent throughout the month. These findings imply that the entire 30-day period after discharge is one of heightened vulnerability to readmission from a wide variety of illnesses. Programs to reduce 30-day readmissions should therefore be correspondingly broad in scope in the diagnoses they target and effective for at least the full month following hospitalization. Interventions targeted at specific diseases or time periods responsible for only a fraction of all 30-day readmis- sions may be less efficacious unless they provide broader collateral benefits. Similar to previous work, we demonstrated in a recent cohort that readmission diagnoses usually differed from the specific diagnosis responsible for the index hospitalization and often involve different physiologic systems. 15, [20] [21] [22] For example, only 22% of readmissions after hospitalization for pneumonia were due to recurrent pneumonia and less than 40% were due to pulmonary disease. Moreover, only a minority of readmissions were attributable to the 5 most common readmission diagnoses among patients initially hospitalized for acute MI or pneumonia. No diagnosis was responsible for more than 5% of the remaining readmissions.
We additionally found that the overall pattern of diagnoses responsible for readmission did not substantively differ by patient demographic characteristics or time after discharge. This observation suggests that hospitals should account for a fairly standard spectrum of readmission diagnoses when designing and implementing interventions to prevent rehospitalization regardless of patient age, sex, race, or anticipated follow-up date in the month after hospitalization. Similarly, ambulatory clinicians seeing patients at different periods after discharge should be aware that the diverse spectrum of readmission diagnoses is largely stable over time, and they should perform their surveillance and preventive measures accordingly. Although we found that readmissions for recurrent HF were more likely to occur later in the month and that readmissions for recurrent pneumonia were more likely to occur soon after discharge, these differences involved less than 6% of all readmissions. It may be that recurrent volume overload is a progressive process that takes some time to manifest, 23 whereas recurrent pneumonia is greatest in recently hospitalized patients who are often colonized with drugresistant pathogens. 24 The broad range of acute conditions responsible for readmission may reflect a posthospitalization syndrome-a generalized vulnerability to illness among recently discharged patients, many of whom have developed new impairments both during and after hospitalization. 25 Inpatients frequently experience loss of strength and mobility 26 and develop new disabilities and difficulties in performing activities of daily living. [27] [28] [29] Hospitalized patients may have nutritional deficits due to reduced appetite and imposed caloric restriction. 30 Sleep deprivation may occur. 31 Delirium often continues even after hospitalization. 32 Adverse effects of commonly used pharmacotherapies started in the hospital and continued at discharge may exacerbate all of these conditions. [33] [34] [35] This heightened vulnerability to a diversity of illnesses may explain why interventions that are broadly applicable to many conditions with multiple components or are delivered by a multidisciplinary team are more likely to reduce readmissions. 36 a When illustrating the association of age with the predicted number of patients readmitted with common diagnoses, patient populations were made identical to the overall readmission cohorts in sex, race, and comorbidity. To isolate the association with age, our cohort consisted of 100 patients aged 65 through 74 years, 100 patients aged 75 through 84 years, and 100 patients aged 85 years or older. Analogously, populations were identical in age, race, and comorbidity when illustrating the association with sex and consisted of 100 men and 100 women. Populations were identical in age, sex, and comorbidity when illustrating the association with race and consisted of 100 white patients, 100 black patients, and 100 patients of other race. The timing of 30-day readmissions highlights the importance of both transitional care and longitudinal strategies that are effective for at least the full month following hospitalization. We found that a high proportion of 30-day readmissions occurred relatively soon after discharge, which may explain why hospitals least likely to provide outpatient follow-up within 7 days after hospitalization for HF had the highest rates of 30-day readmission. 44 The preponderance of early readmissions may also explain why exclusively outpatient interventions have often been ineffective in reducing 30-day readmissions that may have occurred before initial follow-up. 42, 43 In contrast, strategies involving the combination of inpatient and early outpatient interventions with the use of tools that facilitate cross-site communication have lowered readmissions that occur soon after discharge. 45, 46 However, because about one-third of 30-day readmissions occurred during days 16 through 30 after hospitalization, many patients require substantial attention well beyond the initial follow-up visit.
There are some additional factors to consider when interpreting this study. Data were limited to Medicare fee-forservice beneficiaries and conclusions drawn from this population may not apply to others. Nevertheless, this is the population that is the focus of recent federal policies. Also, we relied on claims data to assign diagnoses for both index hospitalizations and readmissions. However, administrative codes have been shown to be accurate for cardiovascular and pulmonary diagnoses. [47] [48] [49] Finally, CMS claims data contain relatively limited information on patient social factors potentially associated with readmission patterns, 50 and we did not develop proxy measures to test the relationship between these variables and readmission diagnoses and timing.
The diagnoses associated with 30-day readmission are diverse and are not associated with patient demographic characteristics or time after discharge for older patients initially hospitalized with HF, acute MI, or pneumonia. Although a high percentage of 30-day readmissions occurred relatively soon after hospitalization, readmissions remained frequent during days 16 through 30 after discharge regardless of patient age, sex, or race. This heightened vulnerability of recently hospitalized patients to a broad spectrum of conditions throughout the postdischarge period favors a generalized approach to preventing readmissions that is broadly applicable across potential readmission diagnoses and effective for at least the full month after hospitalization. Strategies that are specific to particular diseases or periods may only address a fraction of patients at risk for rehospitalization.
